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The concept of velocity dependent mass, relativistic mass, is examined and is found to be incon-
sistent with the geometrical formulation of special relativity. This is not a novel result; however,
many continue to use this concept and some have even attempted to establish it as the basis for
special relativity. It is argued that the oft-held view that formulations of relativity with and without
relativistic mass are equivalent is incorrect. Left as a heuristic device a preliminary study of first
time learners suggest that misconceptions can develop when the concept is introduced without basis.
In order to gauge the extent and nature of the use of relativistic mass a survey of the literature on
relativity has been undertaken. The varied and at times self-contradicting use of this concept points
to the lack of clear consensus on the formulation of relativity. As geometry lies at the heart of all
modern representations of relativity, it is urged, once again, that the use of the concept at all levels
be abandoned.
PACS numbers: 01.40.Gm, 03.30.+p
I. INTRODUCTION
The year 2005 has been deemed the “World Year of
Physics” in conjunction with the 100th anniversary of
Einstein’s “Annus Mirabilis.” As a result, numerous dis-
cussions of Einstein’s achievements will ensue throughout
the year. There will, no doubt, be numerous presenta-
tions of the theory of relativity and quantum mechanics
in newsprint, books, and on television. It is the responsi-
bility of physicists to educate the lay-public about these
ideas and their importance to society. However, it be-
hooves the physics community to insure that such pre-
sentations are free of inaccuracies and hyperbole. Action
must be taken when broad, inaccurate assertions are put
forth (such as stating everything is random in quantum
mechanics, or that Einstein did not believe in quantum
mechanics[1]).
There is one concept that has been ingrained into the
collective mindset of not only lay-people but also many
working physicists. This is the notion of relativistic mass;
a moving object’s mass increases with velocity with re-
spect to an observer considered to be at rest,
m(v) =
m0√
(1 − v2/c2)
. (1)
The decision whether or not to introduce relativistic
mass in pedagogical expositions is still not universally
agreed upon. The debate on the usage of this concept has
been going on since the early days of relativity. On both
sides of the issue there have been advocates insisting their
view is the correct one. Some have relied on historical
precedent as a rationale for its inclusion.
Whether or not to speak of velocity-dependent
mass is largely a matter of taste. Although it
∗Electronic address: oas@epgy.stanford.edu
is currently unfashionable to do so, Einstein did
and we shall as well. (pg 212 of Understanding
Relativity[2])(Q1).
Reliance upon such a controversial history for valida-
tion is not only pedagogically suspect but is, in this in-
stance, incorrect; Einstein was not in favor of using rel-
ativistic mass, except in his earliest works. In fact, one
would be hard-pressed to find an explicit statement of
relativistic mass in Einstein’s work after his 1906 paper
on transverse and longitudinal mass[3]. Later in life, he
addressed the issue directly in a letter to L. Barnett.
It is not good to introduce the concept of the
mass M = m/(1 − v2/c2)1/2 of a moving body
for which no clear definition can be given. It is
better to introduce no other mass concept than
the ’rest mass’ m. Instead of introducing M it
is better to mention the expression for the mo-
mentum and energy of a body in motion. (quote
from [4])(Q2)
In the late 1980’s a renewed effort was made to
dissuade the physics community from introducing this
concept[4][5][6][8]. These attempts spawned a vigorous
debate on the interpretation and usefulness of relativistic
mass. In section IV evidence will show that this debate
has had some influence in diminishing the use of this con-
cept in textbooks; however, it is clear that these efforts
have gone unheeded by many.
It is not the intent here to revisit all of the previous
arguments but to expand upon them in order to con-
vince the need and urgency of the issue. (See Lev Okun’s
extensive arguments[5] for a thorough discussion). The
need for continued discussion stems from recent work at-
tempting to legitimize the concept as a basis for special
relativity, and also the continual flood of books utilizing
the concept geared for the general public.
2II. WHAT ARE THE OPPOSING
VIEWPOINTS?
Most of the previous arguments debating the use of rel-
ativistic mass have oversimplified the difference in view-
points in question; it is not merely a matter of taste
whether to employ the concept or not. Thus, the first
task at hand is to define the opposing viewpoints.
Non-relativistic mass view, Geometric Formulation (G):
Central to the geometric formulation (G) is that
the isotropy of space and uniformity of space and
time, along with the notion of causuality[9][10][11],
is sufficient to lead to a four-dimensional spacetime
endowed with a Lorentzian signature metric. The
principle of relativity yields a consistent kine-
matics incorporating the effects of time dilation,
length contraction, addition of velocities, etc.
The Lorentz transformation is seen as a direct
consequence of the hyperbolic geometry. The
extension to dynamics is immediate by postulating
the primitive concepts of mass and momentum. In
order to have a Lorentz covariant 4-momentum,
the mass is found to be a Lorentz invariant. The
validity of this approach will be assumed in what
follows.
Relativistic Mass (RM): Here we define the concept
of relativistic mass (RM) as the relation (1). This is
a dynamical concept without specification to kine-
matics. Exactly how RM is invoked in relation to
kinematics will be explored below, as this is the
purpose of this paper.
In regards to the antiquated concepts of longitudinal
and transverse mass, they shall not be considered here.
C. Adler[6] demonstrated how these must be accepted if
one is to propose an inertial relativistic mass.
A. How is RM invoked?
In most introductory treatments of special relativity
the exact nature of how RM is arrived at is varied and
often vague. Thus, the task at hand is to explore how
this concept is to be incorporated within the theoretical
structure of special relativity. There are two possibilities,
1. RM supplants the geometric formulation as a prim-
itive concept,
2. RM is introduced in conjunction with the geometric
formulation.
However one may feel about the validity of either pos-
sibility, both are taken seriously in different works and
thus it is important to examine each closely. We begin
with the foremost reason that RM is introduced in works
directed at the general public; to explain why no mate-
rial object can travel at or beyond the speed of light (this
concept will be denoted as Noc). Given that G implies
time dilation, which yields Noc, the question arises as
to exactly how RM is invoked to give Noc. There are
two possibilities: either RM itself is the causation of Noc
(1. above), or RM is considered in conjunction with the
proper kinematics to yield Noc (2. above). If neither
position can be made tenable all that is left is a heuristic
device.
1. Can RM supplant G?
Those adherents of the first position might be inclined
to state that there are two different, yet equivalent, view-
points of the same phenomena. In regards to Noc, a
common argument is provided in the following quote.
...Einstein’s equation gives us the most concrete
explanation for the central fact that nothing can
travel faster than light speed. You may have won-
dered, for instance, why we can’t take some ob-
ject, a muon say, that an accelerator has boosted
up to 667 million miles per hour – 99.5 percent
of light speed – and “push it a bit harder,” get-
ting it to 99.9 percent of light speed, and then
“really push it harder” impelling it to cross the
light-speed barrier. Einstein’s formula explains
why such efforts will never succeed. [. . . ] But
the more massive an object is, the harder it is to
increase its speed. Pushing a child on a bicycle
is one thing, pushing a Mack truck is quite an-
other. So, as a muon moves more quickly it gets
ever more difficult to further increase its speed.
(pg 52 of The Elegant Universe[12])(Q3)
Some suggest that this viewpoint obviates the need
to introduce time dilation, Lorentz transformations, or
other seemingly complicated concepts in demonstrating
Noc[14], that is, RM is a sufficient to explain Noc. The
problem with this explanation is that, by itself, relativis-
tic mass does not prevent the observation of superluminal
objects. For it does not imply the addition of velocity for-
mula and therefore two observers in two IRFs moving in
opposite directions may observe the other to be travel-
ing at a speed greater than c. Thus it is not a sufficient
reason for the existence of a fundamental speed limit for
any object. Of course along with the principle of special
relativity, and its implication that the speed of light is
an invariant, relativistic mass does allow for Noc. How-
ever the constancy of the speed of light is sufficient, in
itself, to give Noc[15]. To repeat, RM in itself is not suf-
ficient to give Noc, yet if it is introduced along with the
principle of special relativity it is superfluous.
Throughout the past century there have been a
few attempts to derive special relativity from classi-
cal mechanics and the relativistic mass relation, (1),
alone[16][17][18].
For those who want to learn just enough about
it so they can solve problems, that is all there is
3to the theory of relativity – it just changes New-
ton’s laws by introducing a correction factor to
the mass.
(pg 15-1 of The Feynman Lectures on
Physics[20]) (Q4)
No attempt has been entirely successful, however this
does not prevent some from trying. It is instructive to
examine the latest such attempt to see how this program
fails.
Jammer. In his more recent book on concepts of
mass[17], Max Jammer delves extensively into the nu-
merous arguments related to relativistic mass. The con-
clusion reached is that both formalisms are valid and
that the difference is “ultimately the disparity between
two competing views of the development of physical sci-
ence.” To this end he cites the work of B. V. Landau
and S. Samanthapar[18] in which the addition of veloc-
ity relation and Lorentz transformation are said to be
derived from Newtonian mechanics and the relativistic
mass formula alone. As Jammer puts it “The fact that
the Lorentz transformation and relativistic mass equa-
tion mutually imply one another seems to indicate that
the relation between these two is more intimate than
commonly thought”. This result would formally show
the validity of relativistic mass as a possible basis for
special relativity, thus making the RM formalism and
the geometric formalism complementary views of special
relativity.
A close examination of Landau and Samanthpar’s
derivation finds that the hyperbolic geometry of space-
time is the basis for their result and not the relativistic
mass formula. By considering conservation of momentum
in a simple two-particle process, the authors implicitly
invoke the geometry of spacetime by redefining, with-
out explanation, the velocities as hyperbolic tangents
(i.e. u1c = tanhα, etc.). Then by relying on hyper-
bolic trigonometric relations, hyperbolic spacetime has
been introduced, automatically yielding the relation they
desire[7]. Thus this derivation does not provide a ba-
sis for Jammer’s claim since the Lorentz transformation
arises from the geometry and not from the relativistic
mass formula.
To support his claim further, Jammer derives the rel-
ativistic mass relation from the Lorentz transformation.
However his derivation is, at the outset, set up to give
a relativistic mass once the spatial components of the
4-momentum are defined. For all agree (modulo inter-
pretations of m0) that the Lorentz transformations yield
a 4-momentum that must be of the form,
pµ = γm0u
µ, (2)
where uµ = dx
µ
dt . This derivation precludes the interpre-
tation of a proper 4-velocity, vµ = dx
µ
dτ , that stems from
G and which results in (2) without need for relativistic
mass. Thus the derivation does not prove the claim that
the Lorentz transformations unequivocally lead to a rel-
ativistic mass, nor does it lend credence to the idea that
these two concepts are intimately related.
V. Petkov has just written a text on special
relativity[19] in which he endeavors to give a consistent
ontological foundation of spacetime. Though more philo-
sophical in nature, it is a serious exposition but does
ascribe to a more radical RM viewpoint: “It should be
stressed that the resistance arises in the particle; it does
not come from the geometric properties of spacetime.”
As this argument is different in nature to most others,
and rather intricate, a detailed exploration will need to
be done at a later time.
Feynman’s assertion above (Q4) is incorrect (for exam-
ple pµrel 6= m(v)v
µ
rel). Clearly the notion that relativity
can be derived from the relativistic mass relation and
classical principles alone is untenable. Without the kine-
matical effects of time dilation one is forced to accept
superluminal, imaginary mass objects that could easily
be generated by a suitable choice of reference frames. All
one need do to observe such objects in such a world is
to walk briskly in a direction opposite that of electrons
near the end of a linear accelerator such as SLAC. It is
the geometry of spacetime and not RM that limit mate-
rial objects to less than the speed of light.
2. Can RM be consistent with G?
With the failure to base special relativity upon rela-
tivistic mass, independent of G, one is lead to consider
the second possibility of invoking RM, as a primitive con-
cept, in conjunction with G.
And it’s not just distance and time that change.
Special relativity also shows that as an object
travels faster, its mass increases. But as the mass
of an object increases, it takes more and more
energy to increase its speed any further. Even-
tually, as the object gets close to the speed of
light, it becomes so massive that no amount of
energy will make it go any faster. This means
that the speed of light is a universal speed limit
which nothing with mass can break. (Einstein
Year UK web site[21])(Q5)
To see how relativistic mass is arrived at in more formal
texts, we need to understand the main motivation behind
its introduction –maintaining familiar, Newtonian-like,
expressions for velocity and momentum.
. . . we shall show that it is possible to pre-
serve the form of the classical definition of the
momentum of a particle, p = mu, where p is the
momentum, m is the mass, and u the velocity of
a particle, and also to preserve the classical law
of conservation of momentum of a system of in-
teracting particles, provided that we modify the
classical concept of mass.[22](Q6).
4This predilection towards Newtonian momentum is
back of most derivations of relativistic mass. The rea-
son stems from the early history of special relativity, es-
pecially the efforts of Lewis and Tolman[23][24][25], that
were picked up by later authors[20][26][22]. Just as in
Jammer’s case above, these derivations posit a Newto-
nian form for the 3-momentum,
px = mux, (3)
and then impose conservation of momentum. Naturally
the result found is that the new relativistic expression
for momentum, that is Lorentz covariant, must be of the
form (2). From his derivation, Tolman (1912, as cited in
Jammer[17]) makes the bold assertion that “the expres-
sion m0(1− v
2/c2)−1/2 is best suited for THE mass of a
moving body”.
Breaks Lorentz Covariance. By asserting (3) as
the definition of relativistic momentum, one is forced to
adopt a primitive concept of an improper 4-velocity; for
uµ = dx
µ
dt is not Lorentz covariant. It is easy to see that
Lorentz transforming from a frame where an object is
moving with a 3-velocity u to its rest frame that,
u′µ = Λµν (u)u
ν = (
c
γ
, 0, 0, 0), (4)
whereas in its rest frame it is required to be (c, 0, 0, 0).
The improper velocity being a direct result of the im-
position of RM means that RM is at odds with the ac-
cepted kinematics of special relativity. The notion that
the choice whether to utilize relativistic mass or not is
merely a matter of taste is seen to be fallacious: The
true nature of special relativity stems from geometry (or
kinematics).
Indeed, it should be noted that, whether we iden-
tify the factor 1/
√
1− β2 with mass or with ve-
locity, the origin of this factor in collision mea-
surements is kinematical; that is, it is caused by
the relativity of time measurements. (pg 199 of
[22])(Q7).
The above method of breaking Lorentz covariance
by hijacking the dilation factor away from the proper
4-velocity and assigning it, for reasons of familiarity
or heuristics, to the mass is exemplified in Wolfgang
Rindler’s classic text[27]. This is an excellent formal
introduction to relativity that delves into the geomet-
ric formalism with great clarity and depth. However,
imbedded within this discussion are continual dichoto-
mous references to relativistic mass.
We begin by assuming what we already know,
that associated with each particle there is an in-
trinsic positive scalar, m0, [...] This allows us to
define the 4-momentum P of a particle in analogy
to its 3-momentum,
P = m0U
U being the 4-velocity.
One paragraph later it is amended,
we find the following components for P: P =
m0U = m0γ(u)(u, c) =: (p,mc). (Q8).
This relativistic shell game would not be too objection-
able if the improper 4-velocity were not to be considered.
However, the geometric formulation has been usurped by
the introduction of an improper velocity that does not
transform under a Lorentz transformation.
If this concept is so central to relativity it ought to be
employed throughout any discussion of relativity. How-
ever it is nearly always abandoned soon after its intro-
duction.
In section 2.12 we assumed a relativistic momen-
tum of the form p = m(v)v and used this to look
for an expression for the relativistic mass m(v)
such that the conservation laws for mass and en-
ergy would hold in an interaction. [...] The ex-
pression for momentum is simply rest mass mul-
tiplied by γv which we now recognise [sic] as the
first three components of the 4-velocity. (Pg 161
of [28])(Q9).
Some authors use the relativistic mass but we
shall do so only in the next two sections. (pg 49
of [29])(Q10).
Clearly those who utilize the concept do not hold it
dear. The concept has only limited explanatory power
and is inconsistent with the geometrical formulation. If
one can provide simple alternative explanations for Noc,
as well as other aspects of relativity, while reinforcing the
spacetime concept, why introduce RM in the first place?
III. PEDAGOGICAL ARGUMENTS: CAN RM
BE A USEFUL HEURISTIC?
Having found that a consistent theory of special rel-
ativity that is based upon proper relativistic quantities
and relativistic mass can not be formulated, one is left
to wonder why it is still considered with such passion. If
it can not be considered as a primary concept of the the-
ory, all that is left is to consider it as a heuristic. This
is troublesome for it introduces a view that is at odds
with the formal theory. An analogy might be to insist on
discussing centrifugal forces, without reference to non-
inertial frames, for “it appears” as if there is a force in
a non-inertial frame, however few physicists would find
this an advisable approach. However this does not deter
all from abandoning this approach. In his response to
Okun’s call to abandon the concept, Rindler[30] offered
the following,
To me, m = γm0 is a useful heuristic concept. It
gives me a feeling for the magnitude of momen-
tum p = mv at various speeds [. . . ] I will confess
to even occasionally using the heuristic concepts
5of longitudinal mass γ3m0 and transverse mass
γm0 to predict how a particle will move in a given
field of force. (Q11)
Potential misconceptions. The concept of relativistic
mass is often thrust upon the reader with little or no jus-
tification (a typical example is the popular The Physics
of Star Trek[31]). Not only does this force the reader to
accept it on faith, it leaves a seed of misconception that in
the object’s rest frame the mass is increasing. Consider
the following passages,
Because of the equivalence of energy and mass,
the energy which an object has due to its motion
will add to its mass. In other words, it will make
it harder to increase its speed. [. . . ] As an object
approaches the speed of light, its mass rises ever
more quickly, so it takes more and more energy
to speed it up further. It can in fact never reach
the speed of light, because by then its mass would
have become infinite, and by the equivalence of
mass and energy, it would have taken an infinite
amount of energy to get it there. For this reason,
any normal object is forever confined by relativity
to move at speeds slower than the speed of light.
(pg 20-21 of A Brief History of Time [32])(Q12)
The faster something moves the more energy it
has and from Einstein’s formula we see that the
more energy something has the more massive it
becomes. Muons traveling at 99.9 percent of light
speed, for example, weigh a lot more than their
stationary cousins. In fact, they are about 22
times as heavy–literally.
(pg 52 of The Elegant Universe [12])(Q13).
Special relativity - how clocks can run slow, and
objects can shrink and gain mass at the same
time
(UK Einstein Year Web Site, [21] )(Q14)
The implication within these passages is that the ob-
ject is literally growing more massive. These statements
are indeterminate for the reference frame is not stated.
This is not true of all works[13], however this form of
relativistic indetermination pervades the literature.
For the uninitiated this situation may be hard to grasp
–exactly how is it becoming more massive? Are there
more atoms in the object? How does one actually mea-
sure this increase? Can one actually measure it? With-
out further explanation one is left with a physical picture
that is vastly different than what the author intended. Or
is it? To see that RM leads to misconceptions, not only
among students but authors as well, all one need do is
purview some popularizations of relativity. Consider two
examples that highlight this problem.
• Relatively Speaking by Eric Chaisson[33]
On page 62 of this pedestrian introduction to rela-
tivity there is a series of three illustrations of a girl
standing on a scale. The intent is to convey ob-
servations when she is at rest and travelling at two
different speeds (labeled “fast” and “faster”). The
girl is seen to Lorentz contract as expected and the
scale indicates her weight to increase – the needle
points to successively higher values. This is exactly
the type of misconception that is reinforced by this
concept. If this image is to represent the girl in
various IRFs then the needle pointing to different
weights violates the primal nature of events, one of
the most basic tenets of relativity.
• Space and Time in the Modern Universe by P.C.W.
Davies[34]
On page 45 there is depicted a stick figure, holding
a string with a ball on the end, standing on a scale
indicating 1 kg. Adjacent to this image is an image
in which the same person is twirling the ball over
its head and the scale now indicates 5 kg – suppos-
edly reflecting the increase with mass with velocity.
The manner in which the ball was set into motion
is not stated. If an outside agent set it in motion
then there is no controversy that the mass of the
isolated person-ball system has increased. The RM
viewpoint is that the energy input went into the ki-
netic energy of the ball plus its mass increase while
the G viewpoint is that the energy went to the ki-
netic energy alone. If the person sets the ball in
motion (which seems to be the implication), then
there is no valid interpretation of the depiction, for
energy (and hence mass) is conserved for this iso-
lated system.
This last example leads to a subtle point about the
definition of mass and the definition of object (or system
of objects) and is stated by some[14][35] to be a pitfall
of the non-RM viewpoint. However, the definition of the
mass of a system as the proper energy divided by c2 –
regardless of the motion of the system’s center of mass – is
clearly described by Einstein[46]. The energy of an object
as measured in other frames of reference is not inherent to
the object itself (is not proper). There are no conceptual
inconsistencies with this approach (see Harris[36] for a
clear textbook treatment).
The two viewpoints of kinetic energy lead to a differing
ontology of spacetime.
KRM = (1− 1/γ)mrelc
2, (5)
KG = (γ − 1)mc
2. (6)
The divergence of kinetic energy as light speed is ap-
proached has its cause in the diverging mass in the RM
viewpoint and the geometry of spacetime in the G view-
point. This, once again, points to the incompatibility of
the RM viewpoint with a geometrical view of spacetime.
6A. Preliminary Research Into Misconceptions
It has been argued that the concept of relativistic mass
can not be a part of any complete, consistent, formulation
of relativity. Two examples of popular introductions to
relativity demonstrated that the use of relativistic mass
may lead to misconceptions, even among experts. In or-
der to fully gauge the potential for such misconceptions
to arise, more research is needed. If it can be clearly
demonstrated that RM leads to problematic thinking, re-
gardless of any purported pedagogical benefits, then one
must seriously examine its continued use.
A preliminary investigation into misconceptions devel-
oping among first time learners of relativity has been
undertaken, consisting of a brief survey given to 164
students[37]. Students were randomly given one of three
short passages from popularizations of relativity geared
for general audiences; consisting of quotes (Q12) on page
5, (Q5) on page 3, and the following, (Q15), taken from
a recent popularization of modern physics.
Einstein also showed that the mass of an object
moving at close to the speed of light, as seen by
an outside observer, increases. [...] It explains,
among other things, why the speed of light serves
as the ultimate speed limit in the universe. Sup-
pose you’re in a spaceship, approaching the speed
of light. You think ‘I’ll just step on the accelera-
tor a little harder and I’ll pass that pesky speed
limit, no problem.’ But it won’t work: to make
your craft move faster, you have to use energy;
the more massive the spaceship, the more energy
you need. And, thanks to Einstein’s special rel-
ativity, the mass keeps increasing, so you need
more and more energy to further boost the speed.
And you’ll never quite make it. If you reached the
speed of light, your spaceship, as seen by an out-
side observer, would have an infinite mass and
it would have taken you an infinite amount of
energy to get there. (from Universe on a T-
Shirt[13]) (Q15)
After reading their brief passage the students were
queried about two identical twins, one of which (Al) is
aboard a rapidly moving train car while the other (Bob)
watches from the ground. Given that Bob sees his own
scale to read 200 lbs, the students were asked; a) As Bob
looks at Al’s scale what does he see it to indicate?; b)
As Al looks at his own scale what does he see it to in-
dicate? The choice of response consisted of less than,
greater than, or equal to, 200 lbs. The results are given
in the following table.
Of note is that less than a fifth of the students gave the
completely correct response, (=,=), and that more than a
third indicated that the weight changes in the rest frame
Al. Also interesting is that (Q15) is the only quote of the
three to explicitly state the relativity of the observations
in different frames, yet less than a fifth (9/52) gave the
correct answer.
Response to b):
Response to a): > 200 lbs. = 200 lbs. < 200 lbs.
> 200 lbs. 24(9,12,3) 70(14,30,26) 8(4,2,2)
= 200 lbs. 11(4,5,2) 28(13,6,9) 7(3,1,3)
< 200 lbs. 2(0,2,0) 9(3,3,3) 5(0,1,4)
TABLE I: Results of survey of 164 students. Rows refer to
answers to question (a) – the scale reading of Al as viewed
by Bob, and columns correspond to (b) –the scale reading of
Al as viewed by Al himself. The total number of responses is
given and the subscript triplet gives the breakdown by passage
given ((Q5), (Q12), (Q15)).
While these are only preliminary results, and do not
warrant a firm conclusion, they do suggest that invoking
the concept of relativistic mass may create more confu-
sion among the lay reader. Clearly more thorough re-
search is needed and is currently underway.
One might argue that the misconception discovered
here is no different than what is often found in regards
to time dilation or length contraction – a strong bond
to Galilean relativity that is difficult to overcome. The
effects of time dilation and length contraction can be ex-
plictly measured in simple ways. Any change in mass can
not be measured directly but only inferred. In addition,
the use of relativistic mass is based on heuristic grounds
and is not a fundamental part of the theory. Why employ
an unnecessary concept that is furthering confusion?
IV. SURVEY OF LITERATURE
The discussion up to this point has been intended to
demonstrate that the concept of relativistic mass is prob-
lematic. For those that already understand this point we
would like to point out that this notion is still prevalent
in the literature on relativity. To this end the results
of an extensive, yet not exhaustive, literature search are
now discussed.
In total, 637 works were reviewed to determine whether
the concept of relativistic mass is introduced. Those
works that introduce RM but then discuss its shortfalls,
or dissuade its use, are listed as not having introduced the
notion. The primary concern is to identify those works
that deem relativistic mass as a valid aspect of relativity.
Emphasis has been placed on latest, available editions
of works. Due to its length, the reference list for these
works, along with further commentary, is given in a sep-
arate report[38].
Of all the works examined, 477 relied upon the con-
cept. This is not a very informative fact in itself; it is
more revealing to examine the historical trend among
different types of works. To this end, the works were
categorized into four broad categories: texts devoted to
special and/or general relativity, introductory and mod-
ern physics textbooks, popularizations of relativity and
physics, and a miscellany of other works. This latter cat-
7egory includes: philosophical, historical, religious, and
science fiction books as well as textbooks that fall out-
side of those categories above (such as advanced physics,
math and engineering). Articles and peer-reviewed jour-
nals were excluded from this survey. One reason was
simply to keep the task manageable, the other was to
limit to sources that are accessible to a wide population,
not primarily scientists.
The historical trend of the use of relativistic mass is
displayed in figures 1 - 4. The works were binned into
five year increments beginning from 1970.
The last figure, 4, would appear to allude to a large
bias in the treatment of the concept; however, one most
be careful in drawing too strong of a conclusion from this
portion of the survey. A large portion of the references
were obtained from a search for relativistic mass. One
should not conclude from this set that the ratio of works
in this category that use the concept to those that do not
is growing rapidly. A valid conclusion is that the number
of works in this category that use this concept is growing.
Certain trends are clearly indicated; the use of rel-
ativistic mass in introductory physics textbooks has
clearly been diminishing while its occurrence in more in-
formal works is growing. A slightly more troubling result
is the lack of any trend in more advanced texts devoted
to relativity.
A. A Closer Look at Some Textbooks
Of the more significant trends, in terms of pedagogy,
is the use of RM in introductory and modern physics
textbooks. In addition to the above plot, figure 2, it
is of interest to see how individual textbooks have ap-
proached this concept as they evolved into their later edi-
tions. In figure 5 are displayed some of the more popular
physics textbooks categorized by year of edition and use
of RM. The introductory physics texts have been catego-
rized by their level, A, B, and C, as defined by the College
Board[39]. Category A being conceptual introductions;
B, algebra-based; C, calculus-based introductions; and
an additional category D, representing modern physics
textbooks.
In all of the hundred or so titles falling under this cat-
egory only two have been found that moved from a posi-
tion of not employing the concept of relativistic mass to
utilizing it. The first is the popular Physics: for Scien-
tists and Engineers by R. Serway[40] wherein the third
and fourth editions are the only ones to adopt the con-
cept. In fact, within these two editions, contradicting
statements about the mass of an object are stated. On
page 1175 of the fourth edition it is stated,
Finally, note that since mass m of a particle
is independent of its motion,mmust have the
same value in all reference frames.
Two pages later it is claimed,
It follows that mass varies with speed (rela-
tive to the observer). We must therefore dis-
tinguish between the rest mass, m0, which
is the mass measured by an observer at rest
relative to the particle (and at the same loca-
tion), and the mass measured in real experi-
ments.
In the third edition the contradiction is more blatant;
first, a mathematical expression for relativistic mass is
given (page 1124) and then on page 1128 the first of the
two quotes above appears.
The second case is the classic calculus-based textbook
University Physics by Sears, Zemansky, and Young[41]
(carried over into later editions by the authors Young and
Freedman). This series has enjoyed a very long history
and has reversed its position on the concept twice, ini-
tially employing the concept (like most texts of the time)
and then moving away from it (5th ed.) only to return
to its use in the latest editions. (This later inclusion can
be traced to the addition of T.R. Sandin as contributing
author, an ardent promoter of RM’s use in pedagogical
texts[14]). These two texts aside, the overall trend has
been one of moving away from relativistic mass.
One of the purposes of this survey is to attempt to mea-
sure any effect of previous calls to abandon this concept.
Outside of the first edition of Spacetime Physics[7], most
of the debate occurred between 1987 and 1992[6][4][8][30].
The influence of these later calls can be seen in the move-
ment away from the concept in introductory and modern
physics textbooks beginning in the 1990s. Thus it ap-
pears that such efforts were successful; however, among
formal textbooks devoted to relativity little change has
occurred over the past thirty years. Worse yet, those
works directed at the general public still, overwhelmingly,
utilize this concept. These diverging trends in the use of
RM can be understood from the observation that much
more attention is paid to physics education research when
writing an introductory textbook as opposed to an ad-
vanced text or popularization of physics. Reflection upon
this research often lead to the concept’s exclusion. More
vocal calls for the abandonment of relativistic mass are
clearly needed.
B. A journey around the neighborhood
A survey of texts over the past century does provide
insight into the general viewpoint of relativistic mass
among various writers. A different but poignant test is
to ascertain what an average person, who desires to learn
about relativity, might encounter by accessing available
resources. To get a sense of such an encounter, I vis-
ited the local, chain, mega-bookstore and surveyed the
entire physics section. In this particular branch in down-
town San Francisco, the section had an ample supply
of books on physics, 351 in total. Of these, 107 dis-
cussed aspects of relativity and 58 put forth a concept of
a velocity dependent mass. Similar results were obtained
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FIG. 1: Special and General Relativity Textbooks: 100 textbooks devoted to relativity displayed by year of publication and
classified as whether having introduced the concept of relativistic mass (RM) or not (no RM).
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FIG. 2: Introductory and Modern Physics Textbooks: 314 editions of introductory and modern physics textbooks displayed by
year of publication of edition.
among surveys conducted in the San Francisco public
library, another key resource for the average citizen to
access knowledge.
Another avenue for knowledge for the general public
is television. Indeed, entire channels have been devoted
to the dissemination of science knowledge. No serious
study is reported here but anecdotal evidence suggest
that the concept of relativistic mass is still prevalent.
In this International Year of Physics there have aired
many programs on Einstein’s achievements both new and
old. Two recent productions display the typical scenario
of explaining Noc via RM. The first, airing in Febru-
ary 2005 on the Science Channel’s special “100 Greatest
Discoveries”[42], places relativity near the top of their
list and in which Michio Kaku states that objects mov-
ing very fast, “literally, grow heavier”. In October, the
two hour special “Einstein’s Big Idea”[43] (based upon
the book “E = mc2” by David Bodanis[44]) explored the
history of the concepts surrounding this equation in a
well produced, semi-dramatic documentary. Though not
offering too many scientific details, Bodanis does offer
the same explanation as Kaku in regards to a train ac-
celerating up to the speed of light, “So all this energy,
where does it go? It has to go somewhere. Amazingly, it
goes into the object’s mass. From our point of view, the
train actually gets heavier.”
Lastly, the most fashionable font of knowledge today
is the world wide web, and within this realm the starting
point is often the Google search engine[45]. A search
for the term ‘special relativity’ returned approximately
739,000 hits (the simpler search for ‘relativity’ primarily
returned sites pertaining to general relativity). Now, the
average person will not stray too far from the first page,
consisting of 10 links; thus, an exhaustive survey to gauge
exposure to the concept can effectively be replaced by an
examination of sites listed on the first two pages. Of
the first 20 links returned only two were not pedagogical
expositions of relativity, and of the remainder 6 included
a discussion of relativistic mass.
These anecdotal surveys support the claims put forth
in this section; the concept of relativistic mass is still
widely embraced. Those ordinary citizens who strive
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to learn the theory through self-study are likely to run
across statements that relativity tells us that mass in-
creases with velocity.
V. CONCLUSION
The modern theory of relativity relies upon the geo-
metrical properties of spacetime as its foundation. The
simplicity and beauty of the theory are regarded as its
hallmark. A clear, precise definition of mass in this for-
malism arises naturally when defining momentum as the
product of mass and 4-velocity. All primitive concepts
are Lorentz covariant. The nature of mass is no longer
simply Newtonian mass, as insisted by some[4], but has
a clear conception as expressed by Einstein[46]. By in-
troducing a concept that is inferred and not primitive,
that destroys the Lorentz covariance of the theory, rel-
ativistic mass is in direct conflict with the kinematical
structure of special relativity. As the concept can in no
way be considered a primitive concept of the theory, the
statement that it is merely a matter of choice whether to
use it or not is flagrantly incorrect.
For those who insist on continuing to use the concept of
relativistic mass, serious reflection and examination are
required. Is it possible to have a completely consistent
velocity-dependent mass integrated into the full theory
of relativity? Here we have seen it can not. Thus, is
it wise to use it even as a heuristic device, as it may
lead to erroneous conceptualization? Later studies will
require students to unlearn the concept as it is rarely
employed in formal treatments. One must justify its use
with research that demonstrates its superiority over the
geometric formulation. Preliminary evidence introduced
here suggests that it is not and furthers misconceptions.
A survey of works that put forth a view of relativ-
ity show that, for those industrious citizens that wish to
tackle the theory of relativity on their own, an increasing
majority of books to help in this endeavor profess a mass
that increases with velocity. However those that enroll
in an institution of higher learning will increasingly be
presented with a view not requiring a radical reconcep-
tualization of mass. A widening gap in the fundamental
underlying meaning of relativity is afoot.
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    Category A:  CONCEPTUAL PHYSICS TEXTBOOKS
March Physics for Poets MH 1 2 3 4 5
Hewitt Conceptual Physics MH 1 2 3 4 5 6 7 8 9
Long The Physics Around You W 1 2
Kirkpatrick, Wheeler Physics: A World View BC 1 2 3 4 5
    Category B:  ALGEBRA-BASED INTRODUCTORY PHYSICS TEXTBOOKS
Sears, Zemansky, Young College Physics AW '47 '52 '60 4 5 6 7
Bueche Principles of Physics MH '65 2 3 4 5 6
Beiser Physics AW ] 1 2 3 4 5
Giancoli Physics, Princ. w/ Appl. PH 1 2 3 4 5 6
Serway, Faughn College Physics HB 1 2 3 4 5 6 7
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Wilson, (Buffa (4,5)) College Physics PH 1 2 3 4 5
Hecht Physics: Alg & Trig BC 1 2 3
Walker Physics PH 1 2
Touger Introductory Physics JW 1
    Category C:  CALCULUS-BASED INTRODUCTORY PHYSICS TEXTBOOKS
Sears, Zemansky, Young University Physics AW '49 '55 '64 4 5 6 7 8 9 10 11
Resnick, Halliday, Krane Physics JW '60 '66 3 4 5
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Tipler Physics; For Sci. & Eng. WF 1 2 3 4 5
Serway Physics for Sci. & Eng. HB 1 2 3 4 5 6
Ohanian Physics WN 1 2
Giancoli Physics: For Sci. & Eng. PH 1 2 3
Fishbane, Gasiorowicz, Th. Physics for Sci. & Eng. PH 1 2 3
Serway  (Jewett 3,4) Principles of Physics HB 1 2 3 4
Knight Physics: For Sci. & Eng. AW 1
    Category D:    MODERN PHYSICS TEXTBOOKS
Beiser Concepts of Mod. Phys. MH '63 2 3 4 5 6
Tipler, (Llewellyn (3,4)) Modern Physics W '69 2 3 4
Krane Modern Physics JW 1 2
Ohanian Modern Physics PH 1 2
Serway, Moses, Moyer Modern Physics HB 1 2 3
Harris Nonclassical Physics AW 1
Bernstein, Fishbane, Gas. Modern Physics PH 1
Publishers: AW = Addison-Wesley,  BC = Brooks-Cole,  HB = Harcourt-Brace,  JW = J. Wiley,  MH = McGraw-Hill,  PH = Prentice-Hall,  
W = Wadsworth,  WF = W. H. Freeman,  WN = W. W. Norton
FIG. 5: A selection of some popular introductory textbook editions categorized by year of publication and whether or not the concept of relativistic mass is used.
Darker shading and white entires (orange online) indicates introduction of relativistic mass and lighter shading, dark letters (green online) indicates its absence.
Omissions are left unshaded and last editions are given a shelf life of 10 years.
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It is the view of this author that the continued in-
troduction of such a problematic concept to the general
public presents a consistency problem that must be ad-
dressed. In fact, I find myself in agreement with Lev
Okun[5], who states that this entails an ethical problem,
“Teaching the reader this formula usually entails deceiv-
ing him.” There have been several past calls to abandon
this concept, however they have met with only limited
success. With the continual flood of books on the mar-
ket that utilize this concept, many by non-experts, more
vigilance is required by the physics community in writ-
ing, reviewing, and recommending such works. In the
centenary year of special relativity, we owe it to Einstein
to get it right.
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